ABSTRACT Glycoproteins were purified from a clonal cell line of mouse neuroblastoma, N-18, labeled Glycoproteins have been indirectly implicated as components of the voltage-sensitive Na+ channel since neurotoxin-binding receptors were partially purified on immobilized lectins (1). However, it has not been shown directly that the components of the functional Na+ channel are glycoproteins. In other studies, the modulation of a glycoprotein, Mr 200,000, during differentiation was shown for mouse (2) and human (3) showed only a 1.5-to 2.0-fold stimulation by the neurotoxins over the passive efflux constant rate. Inhibition of the active efflux was with 1 ,tM tetrodotoxin (Calbiochem). All of the data were calculated and graphed by computer (3).
roblastoma cell line that does not possess-excitable membranes, NLA-103, was reconstituted into phospholipid vesicles and, after preloading with cesium ions, the fraction was combined with those of the 3H-labeled glycoproteins of the differentiated cells, N-18, which have excitable membranes. Only the 3H-labeled glycoprotein-containing vesicles were responsive to the neurotoxins, as shown by a shift in intravesicular density on sucrose gradients. These results are interpreted as a demonstration of the reconstitution of glycoproteins to form the activated Na+ channel. Comparison of the radioactive glycoprotein profiles after polyacrylamide gel electrophoresis showed that glycoproteins of Mr 200,000, Mr 165,000, and Mr 65,000 were common to the reconstituted fractions that were biologically active.
Glycoproteins have been indirectly implicated as components of the voltage-sensitive Na+ channel since neurotoxin-binding receptors were partially purified on immobilized lectins (1) . However, it has not been shown directly that the components of the functional Na+ channel are glycoproteins. In other studies, the modulation of a glycoprotein, Mr 200,000, during differentiation was shown for mouse (2) and human (3) neuroblastoma cells. This glycoprotein was found in neurite preparations of electrically differentiated mouse neuroblastoma cells and was not found to the same extent in surface membranes of nondifferentiated cells (2) . Furthermore, it was decreased in the neurites of cells that were differentiated morphologically but did not express active Na+ channels. Additional indirect evidence for participation of glycoproteins in the active sodium channel was obtained by inhibiting the neurotoxin-stimulated efflux of radioactive Rb ions by growth of mouse and human neuroblastoma cells in low concentrations of L-fucose and D-galactose (4) . Further, a toxin-binding component from Electrophorus electricus was shown to bind to a variety of lectins (5) .
The uptake of Na+ has been used to demonstrate the presence of active Na' channels in neuroblastoma cells (6) , and it has also been shown that Li+, Rb+, and Cs+ flow through the Na+ channel in neurons and reconstituted liposomes, although at lesser rates (7) . The flow of each of these ions is responsive to neurotoxins and thus the effluxes of Rb+ from cells in culture (8) and Cs' from phospholipid vesicles (9) (2) . Cell counts and viability determinations-were in a hemocytometer. All cultures were free of mycoplasma (10) . In each experiment, the cells were examined for morphological differentiation.
The presence of neurotoxin-responsive Na' channels was demonstrated by the efflux of 86Rb ions (6 mCi/mg; New England Nuclear) as described (8) . For "To whom reprint requests should be addressed.
The publication costs of this article were defraved in part by page charge payment. This article must therefore be herebv marked "advertisement" in accordance with 18 U.S.C. §1734 solelv to indicate this fact. tained 186 mg of protein (11) (Pharmacia) . The gels were fixed and stained for protein with Coomassie brilliant blue. To detect the radioactive glycoproteins, the stained gels were dried, cut into 1.5-mm slices, and solubilized with Protosol, and the radioactivity was counted in a liquid scintillation counter (14) .
Reconstitution of Radioactive Glycoproteins into Phospholipid Vesicles. Chloroform (0.4 ml) containing 20 mg of 1-palmitoyl 2-oleoyl phosphatidylcholine ( 3 MiM tetrodotoxin was added prior to the treatment of the vesicles with veratridine and scorpion venom.
The toxin-treated and nontreated vesicles were layered on separate linear gradients that were formed from 15 ml of 400 mM sucrose in buffer C and 15 ml of buffer C (9). Centrifugation (Sorvall rotor AH-627) was for 5 hr at 58,000 x g. The vesicles formed a visible band in the gradients. Fractions (1 ml) were collected, the radioactivity was determined, and the data were plotted and graphed by computer. RESULTS Purification of Glycoproteins. N-18 cells (3.3 X 108) labeled metabolically with L-[3H]fucose were extracted with 1.0% NP-40 in Tris/NaCl. The detergent extract contained 78% of the radioactivity and 52% of the total protein, representing a specific activity of 51 x 103 cpm/mg of protein (Table 1) . Approximately 30% of the radioactivity in the NP-40 extract was bound to the WGA-agarose, and 20%, 8%, and 5% were eluted with 20, 50, and 100 mM GlcNAc, respectively. Fig. 1A shows the electrophoretic profile of the fucose-containing glycoproteins that were eluted from WGA-agarose by 20 mM GlcNAc.
This fraction was enriched in the areas Mr 200, 000 and Mr 130,000-95,000 when compared to that of the NP-40 extract (Fig. 1B) .
The fractions that were eluted with 20 mM GlcNAc from WGA-agarose were further separated by chromatography on DEAE-cellulose with a linear salt gradient. The fraction that was eluted with 0.27 M NaCl contained 10% of the total radioactivity of the original cell pellet ( show the movement of the neurotoxin-treated vesicles; however, the combined data were always from the same preparation of cesium-loaded vesicles. Nevertheless, as a control, vesicles containing the reconstituted glycoproteins from WGAagarose purification were divided into two portions and were centrifuged through separate gradients of sucrose solutions. Similar patterns of radioactivity were obtained from both sucrose gradients (Fig. 2B ), demonstrating that it was valid to compare gradient profiles. In addition, the major band of phospholipid vesicles was visuallv observed in each experiment and was used as a marker for reproducibility of the two simultaneously centrifuged sucrose gradients. [3H]fucose, were extracted with 1% NP-40 and were purified by WGAagarose and DEAE-cellulose. The radioactive glycoproteins were reconstituted into phospholipid vesicles, which were subsequently loaded with cesium acetate. One portion ofthe loadedvesicles was treated with veratridine and scorpion venom, and another portion was not treated. Each was centrifuged through separate sucrose gradients and fractions were collected and examined forradioactivity. (A) DEAE-cellulose fraction (Fig. 1C) reconstituted into phospholipid vesicles treated (a*-) or not treated (o---o) with neurotoxins. The visible band of vesicles for each gradient was found in fractions 6-8. (B) 20 mM GlcNAc fraction (Fig. 1A) reconstituted into phospholipid vesicles and not treated with neurotoxins before centrifugation on two separate sucrose gradients, gradient I (.-) and gradient II (o---o). The visible band of vesicles for each gradient was found in fractions 9-11. gradient in response to the neurotoxins (Fig. 3) . The intravesicular density of the vesicles containing 14C-labeled glycoproteins of the nondifferentiated NlA-103 cells did not shift in response to the neurotoxins, thus demonstrating that the N-18 glycoproteins reconstituted into the phospholipid vesicles were those responsible for the neurotoxin-stimulated ion efflux.
Glycoproteins from Differentiated and Nondifferentiated Neuroblastoma Cells. To compare the glycoproteins that participated in the ion efflux from the phospholipid vesicles in response to the neurotoxins with those of the nonresponsive vesicles, the 3H-and '4C-labeled glycoproteins purified by WGA- agarose were combined and examined by polyacrylamide gel electrophoresis (Fig. 4) . Several differences were noted and to demonstrate that these glycoproteins had the biological activity of the neurotoxin-responsive Na' channel. The vesicles were preloaded with cesium acetate and the intravesicular density of the vesicles containing the reconstituted radioactive glycoproteins was examined on gradients of sucrose solutions. There was a specific reduction of the density of the vesicles as the result of depletion of intravesicular Cs' after neurotoxin stimulation ( Fig. 2A) (Fig. 3) To reconstitute a biologically functional channel it is necessary to assemble the macromolecules in their entirety. The functional reconstitution of solubilized cell components (9, (21) (22) (23) into liposomes and phospholipid vesicles has been reported recently; however, to the best of our knowledge, in no previous study have purified glycoproteins been examined directly and shown to retain the properties of the activated Na' channel in vitro. In addition, the composition of the fractions used for reconstitution has not been shown since only binding properties were examined. The in vitro system as described here, which uses cell lines with and without functionally active voltage-dependent channels, will allow us to dissect further the components responsible for ion gating and conductance and to study the contribution of each glycoprotein or its subunits in addition to the action of the individual neurotoxins. 
